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The efficacy of fluoride varnish vs a filled resin sealant for preventing white

spot lesions during orthodontic treatment:

A randomized clinical trial

Lauren N. Flynna; Katie Julienb; Amal Noureldinc; Peter H. Buschangd

ABSTRACT
Objectives: To compare the efficacy of casein phosphopeptide (CPP)-amorphous calcium phosphate
(ACP) MI Varnish (GC America, Inc, Alsip, IL) and ProSeal (Reliance Orthodontic Products, Itasca, IL)
sealant in preventing the development of white spot lesions (WSLs) in orthodontic patients.
Materials and Methods: This prospective randomized clinical trial included 40 orthodontic patients 12–
17 years of age. One group had sealants placed on their anterior maxillary teeth, with reapplications
every 3 months. The other group had MI Varnish applied every 4–6 weeks. WSL formation and oral
hygiene were evaluated at the initial appointment before bonding (T1) and 12 months later (T2).
Standardized digital photographs were analyzed using the enamel decalcification index (EDI). Statistical
comparisons were made using independent and paired-sample t-tests as well as chi-square tests.
Results: In this trial, 43% of patients and 15% of teeth developed new WSLs. Lateral incisors
showed the highest incidence of decalcification and WSL formation. WSL formation and EDI score
increases during treatment were significantly greater in the gingival region than in the mesial, distal,
or incisal regions. Of the EDI scores at T2, 93.8% were 0 and 5.5% were 1. Poor oral hygiene at T2
showed a high positive predictive value (76%) for the development of WSLs. There were no
statistically significant between-group differences for the development of WSLs.
Conclusions: MI Varnish and ProSeal sealant provided similar levels of protection during the first
12 months of fixed orthodontic treatment. The severity of the WSLs that developed was minimal.
WSLs were most likely to develop on lateral incisors and in the gingival regions of teeth, especially
among patients with poorer oral hygiene. (Angle Orthod. 2022;92:204–212.)
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INTRODUCTION

White spot lesions (WSLs) represent the first sign of

the caries process and are a common sequela of

orthodontic treatment.1 The most common location for
developing these lesions is on the gingival portion of
the labial surface of the teeth.2,3 The teeth most
commonly affected are the maxillary lateral incisors
and canines.4,5 Although minor WSLs can remineralize
posttreatment when exposed to fluoride and minerals,6

those that remain visible pose esthetic problems for
patients and potential medicolegal concerns for ortho-
dontists.

The most widely used method used to prevent
demineralization is the application of fluoridated
products and sealants onto the enamel surfaces.7

Fluoride prevents enamel demineralization and can
remineralize existing WSLs. Fluoride toothpaste and
mouth rinse are problematic because each requires
compliance. Fluoride varnish provides longer lasting
protective effects than toothpaste or mouth rinse.8 MI
Varnish (GC America, Inc, Alsip, IL), which contains
sodium fluoride (NaF) and casein phosphopeptide
(CPP)-amorphous calcium phosphate (ACP), has been
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shown in vitro to be superior to fluoride varnish with

NaF alone in preventing incipient caries.9 In vitro, MI

Varnish prevented enamel demineralization for at least
4 weeks.10 The only in vivo study of MI Varnish showed

that reapplications every 3 months did not decrease

WSLs any more than a fluoride toothpaste and rinse
protocol.11

Sealants act as physical barriers to bacterial acid
and plaque.12 Although they are effective in preventing

WSLs,13,14 sealants come off over time, especially in

the gingival region, leaving the enamel surface
exposed to plaque and bacterial acid.15 Sealants such

as ProSeal (Reliance Orthodontic Products, Itasca,

IL) have been shown to completely inhibit enamel

demineralization as long as they remain on the
teeth.16 However, maintaining a protective coating of

sealant on the teeth requires reapplication every few

months.15

The purpose of the present study was to compare

the clinical efficacy of MI Varnish and ProSeal sealant
in preventing WSL formation in orthodontic patients. It

is presently unknown if MI Varnish prevents the

development of WSLs in orthodontic patients when

applied every 4–6 weeks. In addition, it remains to be
established if it is more effective to regularly reapply

ProSeal as it wears away or to regularly reapply MI

Varnish.

MATERIALS AND METHODS

This study was a single-center, parallel, randomized

clinical trial performed between October 2018 and

March 2020. The Texas A&M University Institutional
Review Board (IRB) approval was obtained (IRB no.

2018-0724-CD-FB), and the study was registered with

the US National Institutes of Health (ClinicalTrials.gov).

No modifications to the study design were implement-
ed during the study.

A total of 40 patients starting orthodontic treatment at
Texas A&M University College of Dentistry orthodontic

department were selected based on the following

criteria: willingness to participate, no significant med-
ical history, no underlying medical problems requiring

more than two medications (to prevent bias of possible

dry mouth), younger than 17 years of age at the start of

orthodontic treatment, fully erupted and unrestored
permanent maxillary canines and incisors, starting

fixed orthodontic treatment, and ability to come to

appointments every 4–6 weeks. Exclusion criteria
included professional fluoride application in the past 3

months, allergy to milk, untreated cavitated lesions,

heavy initial fluorosis, dry mouth, pregnancy, and any

illness/condition that the investigators felt would affect
the study outcome.

Sample Size and Randomization

Sample sizes were determined based on estimates
provided by a previous study that compared MI Varnish

with MI Paste Plus (GC America, Inc, Alsip, IL).11

Assuming a standard deviation of 3, an effect size of

1.2, and a two-tailed test with an alpha error of .05, 12
patients were needed in each group to provide 90%
power. Due to the possibility of patient dropout and

noncompliance with the study protocol, a total of 40
patients were selected. None of the patients were lost
to follow-up (Figure 1).

Block randomization of the patients was performed
with Excel (Microsoft, Redmond, Wash) by an inves-

tigator who had no clinical involvement in the trial.
Patients were assigned to either Group 1, which had
ProSeal applied to the facial surfaces of the maxillary

anterior teeth and reapplied every 3 months, or Group
2, which had MI Varnish applied to the maxillary

anterior teeth every 4–6 weeks.

Interventions

The duration of the study was 0.99 6 0.09 years for
both groups (Table 1). Standardized oral hygiene

instructions (proper brushing techniques and diet
counseling) were given to all patients at the start of

the study. The patients in Group 1 had the facial
surfaces of their maxillary anterior six teeth etched for
15 seconds with 37% phosphoric acid etch gel and

rinsed thoroughly. A thin layer of LED ProSeal was
applied with a microbrush and light cured for 3
seconds. Brackets were bonded to the teeth using a

thin layer of TransBond XT (3M, Maplewood, MN)
composite. The integrity of the sealant was checked
every 3 months with a black light, with reapplications

Figure 1. Study flow diagram.
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when necessary. All teeth required reapplication of
sealant on at least one area of a tooth every 3 months.

For Group 2, the facial surfaces of the maxillary teeth
were etched for 15 seconds with 37% phosphoric acid
etch gel and rinsed thoroughly. A thin layer of Assure
Plus (Reliance Orthodontic Products, Inc., Itasca, Ill)
was applied, and brackets were bonded using a thin
layer of TransBond XT Composite. At the end of the
appointment, the maxillary anterior teeth were dried
with a dry air syringe and MI Varnish was applied to the
facial surfaces. Instructions were given to not brush for
the next 6 hours and avoid hard, crunchy foods per the
manufacturer’s instructions. Group 2 had MI Varnish
reapplied every 4–6 weeks at their regular appoint-
ments. At the final appointment, the brackets, com-
posite, bonding agents, and sealants of both groups
were removed and photos were taken.

Oral Hygiene Evaluation

Oral hygiene was evaluated based on the accumu-
lation of plaque on the anterior maxillary teeth using the
Turesky modification of the Quigley and Hein plaque
index.17 It was assessed before preparing the teeth for
bonding (T1) and before the brackets were removed 12
months later (T2).

Photographs

After the patients brushed their teeth, a NOLA (Ortho
Technology, West Columbia, SC) cheek retractor was
placed, the teeth were dried with a dry air syringe, and
photographs of the maxillary anterior teeth were then
taken before initial bonding. They were taken by the
principal investigator under standardized lighting condi-
tions using a Canon T5i (Canon U.S.A. Inc, Melville, NY)
camera with a macro lens (F stop ¼ 29, focus set to 2).
One photograph was taken of the upper right canine and
lateral incisor, another of the central incisors, and another
of the upper left lateral incisor and canine. If there was
glare, another photo was taken at a slightly different
angle. The same three photos were again taken
immediately after the brackets, sealant, and bonding
agent were removed at the end of the study.

Enamel Decalcification Index and Computer Analysis

The patient photographs were randomized, and one
blinded investigator performed all of the assessments.

The T1 and T2 photos were enlarged to corresponding
sizes and compared side-by-side on a computer in a
darkened room. The differentiation between a devel-
opmental enamel lesion and a decalcified WSL
followed previous recommendations.18 The enamel
decalcification index (EDI) score was also used to
evaluate the maxillary teeth.2 All four regions on the
facial surface of each tooth were evaluated (Table 2).
After a 2-week interval, the four regions on 60 teeth of
10 randomly chosen patients were reevaluated. Over-
all, the scores were concordant 97.4% of the time, with
the canines and lateral incisors showing the lowest
(96.1%) and highest (98.7%) concordance, respective-
ly.

Statistical Methods

EDI scores were summed for all six teeth at T1 and
T2. Independent-sample t-tests were used to evaluate
differences between the two groups for oral hygiene
scores and overall EDI sums. Paired t-tests were used
to evaluate differences between teeth as well as
differences between tooth regions. The chi-square test
was used to determine differences in WSL prevalence,
incidence, and differences in EDI scores between
different teeth and regions.

RESULTS

Entire Sample

Approximately 43% of patients and 15% of teeth
developed WSLs during the study (Table 3). The EDI
scores increased significantly, from 36 (T1) to 74 (T2).
There was no statistically significant difference be-
tween boys and girls in the incidence of WSL
formation (P ¼ .822). Based on the percentage of
teeth (9.5%) and percentage of patients (32.5%), the
lateral incisors showed a significantly higher inci-
dence of WSL formation than the central incisors and

Table 1. Group Characteristics

Sealant Group Varnish Group

No. of patients 20 20

Average age, y 14.0 14.1

Boys/girls 10/10 8/12

Duration of treatment, y 0.99 6 0.089 0.99 6 0.091

Table 2. EDI Scorea

EDI Score Description

0 No decalcification

1 Decalcification covering ,50% of the area

2 Decalcification covering .50% of the area

3 Decalcification covering 100% of the area or severe

decalcification with cavitation

a Source: Banks and Richmond.2

Table 3. Incidence (T1–T2) of WSLs for All Patients

Incidence (T1–T2)

Patients Teeth

Percentage 42.5 14.9

n/N 17/40 35/240
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canines (Figure 2). The lateral incisors also had the

greatest increase of EDI scores over time (Figure 3).

Based on the percentages of teeth (10.4%) and

patients (32.5%), the incidence of WSL formation

was significantly greater in the gingival than in the

mesial, distal, or incisal regions (Figure 4). The

gingival region also showed the greatest increase of

EDI scores over time (Figure 5).

At T2, the EDI scores ranged from 0 to 3. Of all

scores, 95.8% were 0. Of the scores indicating

decalcification (ie, those ranging 1–3), 88.3% were

scores of 1, 6.7% were scores of 2, and 5% were

scores of 3. All of the 3 scores pertained to the same

patient.

Although there were no differences at T1, the

patients who had poor oral hygiene at T2 were more

likely to develop WSLs than those who had good oral

hygiene (Figure 6). Poor oral hygiene at T2 showed a

high positive predictive value (76%) for the develop-

ment of WSLs.

Figure 2. Incidence of WSL development based on tooth type.

Figure 3. EDI changes by tooth type.
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Group Comparisons

The incidence of both patients (50% vs 35%) and

teeth (17.5% vs 12.5%) developing WSLs were greater

in the sealant than in the varnish group, but the

differences were not statistically significant (Table 4).

Although there was no between-group difference at T1,

oral hygiene scores were significantly higher in the

sealant than in the varnish group at T2 (Figure 7). The

between-group difference in the incidence of increas-

ing EDI scores (ie, new decalcification not present at

T1) was not statistically significant (Figure 8). Of the

EDI scores greater than 0 (ie, indicating decalcification)

at T2, 85% and 95% in the sealant and varnish group,

respectively, were scores of 1 (Figure 9).

Figure 4. Percentage of patients who developed WSLs based on tooth region.

Figure 5. EDI changes by region.
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DISCUSSION

The incidence of teeth developing WSLs during

orthodontic treatment can be low, even though the

incidence of patients developing WSLs is relatively

high. The literature reported that 16.7%–41.1% of teeth

developed WSLs during orthodontic treatment.11,19,20 In

the present study, only 14.9% of the teeth developed

WSL. The incidence of WSL formation among patients

was 42.5% compared with 23%–36% in previous

studies.5,21 The higher incidence in the present study

may have been attributed to (1) the higher pretreat-

ment prevalence of WSLs, (2) the WSL detection

methodology used, (3) T2 evaluations taking place

immediately after debonding (before minor WSLs

scored as 1 could remineralize), or (4) light reflection

caused by desiccating and roughening the enamel

after debonding.

Even though the incidence among patients was high,

the severity of the WSLs that developed was minor. Of

the EDI scores in the present study, 93.8% were 0 at

the end of the study. Of the decalcification scores 1–3,

88.3% were scores of 1 (Figure 10), which could

remineralize after exposure to fluoride and minerals in
the saliva.7 The only other in vivo study evaluating MI
Varnish found that 46% of the EDI scores were 0 after
12 months.11 Together, the substantially lower inci-
dence of teeth developing WSLs and the lesser
amounts of demineralization observed indicated a
significant clinical reduction in decalcification with both
of the treatments.

WSLs are more likely to develop in the gingival
regions of teeth, especially the lateral incisors. The
literature indicated that two-thirds of WSLs developed
in the gingival region.2,3 Plaque buildup around
brackets is a precipitating factor for developing WSLs,
and the plaque trap between the bracket and the
gingiva makes the plaque challenge greater.4 Lateral
incisors have been previously shown to be the most
common anterior tooth to develop white spots,2–5,22

which might be expected because of the bracket’s
thicker profile and proximity to the gingiva.

MI Varnish and ProSeal provided similar levels of
protection during orthodontic treatment. Both in vitro
and in vivo studies have shown that sealants were
effective.13,14,23 ProSeal is a filled sealant that is more
resistant to physical and mechanical wear than unfilled
sealants12 and can better withstand thermal, mechan-
ical, and chemical loads than other sealants.16 How-
ever, sealants should be reapplied every 3–4 months.15

Even when reapplied every 3 months, ProSeal did not
entirely prevent WSLs in the present study.

Fluoride varnish has positive preventive effects
compared with no treatment,8,9 and it is easier to
regularly reapply than sealants, making it well suited
for clinical applications in private orthodontic practices.
Although the difference was not statistically significant,

Figure 6. Overall number of patients who developed WSLs based on oral hygiene status at T1 and T2.

Table 4. Incidence of WSLs for Sealant and Varnish Groups

Incidence Change

Patients Teeth

Sealant

Percentage 50 17.5

n/N 10/20 21/120

Varnish

Percentage 35 12.5

n/N 7/20 15/120

Probability group differences 0.337 0.278
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the sealant group had a higher incidence of WSLs and

greater increases in EDI scores than the varnish group.

With larger sample sizes, the differences would

probably have been statistically significant. The only

other in vivo study of MI Varnish showed that

reapplications every 3 months did not decrease WSL

development any more than the use of fluoride

toothpaste and fluoride rinse.11 They found that the

EDI scores of 32.3% of teeth worsened over 12 months

(compared with 12.5% in the present study when MI

Varnish was applied at 4–6 week intervals). The 6-

week reapplications of Fluor Protector (Ivoclarvivadent,

Schaan, Liechtenstein), another fluoride varnish, was

also shown to reduce the incidence of WSLs signif-

icantly more than no treatment.24 Reapplying MI

Varnish every 4-6 weeks appeared to increase its

effectiveness and substantially limit demineralization,

as previously demonstrated in vitro.10

At the end of the present study, patients who

developed WSLs had poorer oral hygiene. Although

there were no between-group differences at T1,

hygiene was significantly better at T2 in the varnish

group than in the sealant group, which could partially

explain the higher EDI scores in the sealant group.

Poor oral hygiene has previously been established as

a significant risk factor for developing WSLs.4,5,19

Figure 7. Group comparison of oral hygiene scores at T1 vs T2.

Figure 8. Total EDI scores developed during treatment for the sealant and varnish group.
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CONCLUSIONS

� When regularly reapplied, MI Varnish and ProSeal

sealant provide similar levels of protection during

orthodontic treatment, although varnish may be

simpler to apply/reapply.
� Only 6.2% of all surfaces and 15% of all teeth

showed decalcification during treatment.
� Although the incidence of WSLs among patients was

high, the amount of decalcification that occurred was

minimal.
� Lateral incisors are more likely to develop WSLs than

canines and central incisors.

� The gingival region is more likely to develop WSLs

than other regions of teeth.
� Patients who develop WSLs have poorer oral

hygiene.

REFERENCES

1. Øgaard B. Prevalence of white spot lesions in 19-year-olds:

a study on untreated and orthodontically treated persons 5

years after treatment. Am J Orthod Dentofacial Orthop.

1989;96:423–427.

2. Banks PA, Richmond S. Enamel sealants: a clinical

evaluation of their value during fixed appliance therapy.

Eur J Orthod. 1994;16:19–25.

3. Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white spot

formation after bonding and banding. Am J Orthod. 1982;81:

93–98.

4. Julien KC, Buschang PH, Campbell PM. Prevalence of white

spot lesion formation during orthodontic treatment. Angle

Orthod. 2013;83:641–647.

5. Chapman JA, Roberts WE, Eckert GJ, Kula KS, González-

Cabezas C. Risk factors for incidence and severity of white

spot lesions during treatment with fixed orthodontic appli-

ances. Am J Orthod Dentofacial Orthop. 2010;138:188–194.

6. Øgaard B, Rølla G, Arends J, ten Cate JM. Orthodontic

appliances and enamel demineralization Part 2. Prevention

and treatment of lesions. Am J Orthod. 1988;94:123–128.

7. Sudjalim TR, Woods MG, Manton DJ. Prevention of white

spot lesions in orthodontic practice: a contemporary review.

Aust Dent J. 2006;51:284–289.

Figure 9. Percentage of regions with EDI scores of 0, 1, 2, or 3 at T2 for the sealant and varnish groups.

Figure 10. Variability between EDI scores of 1 indicating minimal

decalcification, which might be expected to heal spontaneously after

treatment.

Angle Orthodontist, Vol 92, No 2, 2022

FLUORIDE VARNISH VS A FILLED RESIN SEALANT 211



8. Benson PE, Parkin N, Dyer F, Millett DT, Furness S,

Germain P. Fluorides for the prevention of early tooth decay
(demineralised white lesions) during fixed brace treatment.

Cochrane Database Syst Rev. 2013:CD003809.
9. Salman NR, ElTekeya M, Bakry N, Omar SS, El Tantawi ME.

Comparison of remineralization by fluoride varnishes with
and without casein phosphopeptide amorphous calcium

phosphate in primary teeth. Acta Odontol Scand. 2019;77:
9–14.

10. Abufarwa M, Noureldin A, Campbell PM, Buschang PH. The
longevity of casein phosphopeptide–amorphous calcium

phosphate fluoride varnish’s preventative effects: assess-
ment of white spot lesion formation. Angle Orthod. 2019;89:

10–15.

11. Rechmann P, Bekmezian S, Rechmann BMT, Chaffee BW,
Featherstone JDB. MI Varnish and MI Paste Plus in a caries

prevention and remineralization study: a randomized con-
trolled trial. Clin Oral Investig. 2018;22:2229–2239.

12. O’Reilly MT, De Jesus Vinas J, Hatch JP. Effectiveness of a
sealant compared with no sealant in preventing enamel

demineralization in patients with fixed orthodontic applianc-
es: a prospective clinical trial. Am J Orthod Dentofacial

Orthop. 2013;143:837–844.
13. Benham AW, Campbell PM, Buschang PH. Effectiveness of

pit and fissure sealants in reducing white spot lesions during
orthodontic treatment. Angle Orthod. 2009;79:338–345.

14. Buren JL, Staley RN, Wefel J, Qian F. Inhibition of enamel
demineralization by an enamel sealant, Pro Seal: an in-vitro

study. Am J Orthod Dentofacial Orthop. 2008;133(4 suppl):
S88–S94.
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